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I.  INTRODUCTION 


A.  NEED  FOR  THE  STUDY 

The  use  of  multiple  communication  systems  co-located  on  a  military 
platform  has  increased  dramatically  in  the  past  decade,  especially  in  the  Navy, 
vi'here  more  equipment  is  constantly  added  in  an  already-crowded 
electromagnetic  environment.  This  concentration  of  telecommunication  systems 
is  due  to  the  varied  operational  requirements  imposed  on  a  modem  Naval  ship. 
As  a  result  of  this,  undesirable  electromagnetic  interference  can  occur  onboard 
ship,  and  can  degrade  the  efficiency  of  onboard  communication  systems. 

Radiation  and  conduction  are  mechanisms  for  coupling  strong 
electromagnetic  fields  associated  with  antenna  currents  to  nearby  electronic 
equipment.  Reducing  the  number  of  the  antennas  decreases  this  possibility. 
Interference  often  occurs  between  two  systems  operating  on  nearby 
frequencies.  In  addition,  a  minor  modification,  such  as  adding  a  new  antenna, 
can  seriously  affect  impedances  and  radiation  patterns  of  existing  nearby 
antennas.  Again,  reducing  the  number  of  antennas  on  a  ship  can  reduce  these 
antenna-to-antenna  coupling  problems.  Frequency  independent  antennas  can  be 
used  to  accomplish  the  reduction,  but  their  actual  size  and  the  element  spacing 
required  make  this  type  unrealistic  aboard  a  ship.  Another  alternative  is  the  use 
of  multiband  antennas,  which  operate  in  two  or  more  frequency  bands.  These 
antennas  often  have  a  common  physical  structure  and  either  a  single  RF 
connector  or  separate  RF  connectors  for  each  frequency  band. 
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B.  STATEMENT  OF  THE  PROBLEM 


In  this  thesis,  two,  three,  and  four  "multi-wire"  whip  antennas  are  clustered 
closely  together  and  mounted  over  a  perfect  ground  plane. 

One  antenna  design,  which  uses  two  or  more  "multi-wire"  whip  antennas, 
with  variable  geometry  and  spacing,  shows  promise  by  reducing  the  number  of 
radiators  for  optimum  performance. 

A  second  broadband  design  uses  an  inverted  cone  antenna.  By  varying  the 
geometry  and  electrical  feed  points,  performance  may  be  optimized.  This  study 
also  examines  two  inverted  cones,  first  over  perfect  ground  and  then  on  a  wire 
grid  box,  which  approximates  a  ship’s  shape. 

C.  SCOPE  AND  LIMITATIONS 

The  purpose  of  this  study  is  to  investigate  possible  ways  to  reduce  the 
number  of  shipboard  communication  antennas,  which  may  reduce  unwanted 
interference  effects.  The  frequency  range  of  this  investigation  is  4-3C0  MHz,  the 
primary  communication  frequencies  of  interest  for  naval  vessels. 

The  computer  code  for  all  models  in  this  study  is  the  Numerical 
Electromagnetics  Code  (NEC). 

This  study  investigates  the  performance  of  "multi-wire"  whip  antennas  of 
different  geometries.  Limitations  and  results  for  "multi-wire"  whips  led  to 
investigating  the  inverted  cone. 

The  inverted  cone  antenna  was  modeled  over  a  perfect  ground  plane,  and 
also  over  a  wire  grid  box.  In  NEC,  there  are  two  options  for  surface  modeling; 
wire  grid  and  patches.  The  choice  of  a  wire  grid  box  with  dimensions  26x13x6.5 
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meters  is  made,  because  it  approximates  a  ship's  shape  without  complex 
superstructures. 

This  thesis  begins  with  a  discussion  of  the  "multi-wire"  whip  antenna  in 
Chapter  11,  and  presents  the  computed  results  for  the  models  described. 

Chapter  III  discusses  the  inverted  cone  antenna  with  conesponding  computed 
results  over  a  perfect  ground  plane. 

Chapter  IV  demonstrates  the  inverted  cone  on  a  wire  grid  box  and  the 
computed  results  of  this  test. 

Conclusions  and  recommendations  based  on  these  results  are  discussed  in 
Chapter  V.  Finally,  the  Appendices  contain  NEC  data  sets,  average  power  gain, 
input  impedance  and  radiation  patterns  for  the  different  models. 
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II.  "MULTI-WIRE"  WHIP  ANTENNA  COMPUTER  MODELS 

AND  RESULTS 


This  chapter  presents  the  "multi-wire"  whip  antenna  computer  models  used 
in  this  thesis.  The  model's  geometry  was  varied  and  tested  over  a  perfect  ground 
plane, 

A.  "MULTI- WIRE"  WHIP  ANTENNA  COMPUTER  MODEL 

One  of  the  simplest  ways  to  describe  a  "multi-wire"  whip  antenna  is  that  of 
four  wires,  each  with  one  end  on  the  perfect  ground  plane,  forming  a  square 
base,  and  the  other  ends  coming  together  at  an  elevated  point.  Figures  2.1  and 
2.2  show  the  configurations  of  two  "multi-wire"  whip  antennas  in  a  row  and  of 
three  "multi-wire"  whip  antennas  in  triangular  form,  respectively.  Almost  all  the 
parameters  of  the  initial  model  were  varied,  in  the  following  manner: 

a.  The  number  of  the  wires  comprising  the  antenna  ranged  from  2  to  4, 

b.  The  spacing  between  the  wire  ends  on  the  perfect  ground  plane  varied 
from  0.05  to  0.12  m, 

c.  The  wire  radius  varied  from  0.01  to  0.4  m,  and 

d.  The  height  of  the  "multi-wire"  whip  antennas  varied  from  1  to  10  m. 

All  computer  models  met  NEC's  restrictions  and  limitations.  The  radius  of 
the  wire,  a,  relative  to  the  wavelength,  X,  depends  on  tlie  kernel  of  the  electric 
field  equation;  there  are  available  two  options,  which  are  discussed  in  reference 
1;  the  thin- wire  kernel  which  models  a  filament  current  and  the  extended  thin- 
wire  kernel  which  models  a  uniform  current  distribution  around  the  segment 
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surface.  Both  of  them  require  27ca/X  «  1.  Most  of  the  guidelines  for  NEC  wire 
antenna  models  concern  the  segment  length,  A,  and  the  wire  radius,  a  : 

a.  A  should  be  less  than  0.1  A,  for  accurate  results  in  most  cases, 

b.  A  should  be  less  than  0.05  X  in  critical  regions,  such  as  feed  regions 
and  wire  junctions, 

c.  A  should  be  less  than  0.2  X  on  long,  straight  segments, 

d.  A  should  be  not  less  than  10"^  X, 

e.  a  should  be  less  than  0.5  A  with  the  NEC  thin  wire  kernel, 

f.  a  should  be  less  than  2A  with  the  NEC  extended  thin  wire  kernel, 

g.  a  should  be  less  than  0.1  X, 

h.  avoid  large  radius  changes  especially  in  short  segments, 

i.  wires  that  are  connected  must  contact  at  segment  ends  (the  separation  of 
two  segment  ends  must  be  greater  than  lO"^  limes  the  length  of  the  shortest 
segment,  otherwise  they  are  considered  as  connected),  and 

f.  when  a  voltage  source  is  applied  on  a  certain  segment,  segments  before  and 
after  should  have  equal  length  and  radius. 

In  Appendix  A,  NEC  data  sets  used  for  multi-wire  models  are  listed. 
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Figure  2.1  Two  "multi- wire"  Whip  Antennas  in  a  row. 


Figure  2.2  Three  “multi-wire”  Whip  Antennas  in  triangular  form. 


B.  COMPUTER  MODEL  RESULTS 
1.  Average  Power  Gain 

The  validity  of  an  antenna  computer  model  is  checked,  using  tlie  average  power 
gain  as  criterion.  An  average  power  gain  of  1.0  represents  an  ideal,  lossless 
antenna  radiating  in  a  free  space.  Average  power  gain  is  computed  by  integrating 
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the  radiated  power  density  over  all  space  to  find  the  total  radiated  power  and 
comparing  that  to  the  total  input  power  at  the  feed  points.  An  average  power 
gain  of  2.0  represents  the  antenna  radiating  in  a  half  space  over  a  perfect  ground 
plane.  In  this  study,  an  average  power  gain  value  from  1 .8  to  2.2  is  desirable, 
with  the  range  of  1.6  to  2.4  considered  acceptable. 

Figure  2.3  shows  the  calculated  average  power  gain  for  "multi-wire"  whip 
antennas,  10  meters  high  each,  and  0.10  meter  base  width. 
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a.  Two  antennas,  4  m  spacing,  3  segments  per  wire. 

b.  Two  antennas,  4  m  spacing,  5  segments  per  wire. 

c.  Two  antennas,  6  m  spacing,  3  segments  per  wire. 

d.  Two  antennas,  6  m  spacing,  5  segments  per  wire. 

e.  Four  antennas,  2  m  spacing,  wire  radius  0.01  m. 

f.  Four  antennas,  2  m  spacing,  wire  radius  0.02  m. 

g.  Four  antennas,  3  m  spacing,  wire  radius  0.01  m. 

h.  Four  antennas,  3  m  spacing,  wire  radius  0.02  m. 


Figure  2.3  Average  Power  Gain  for  two  and  four  "multi-wire"  whip 
antennas,  10  meters  height,  in-line  configuration. 
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Figure  2.4  shows  the  calculated  average  power  gain  for  three  "multi- wire" 
whip  antennas  in  triangular  form,  as  in  Figure  2.2,  with  6  meter  spacing  between 
them. 
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a.  Antenna  height  10  m,  wire  radius  0.03  m,  5  segments  per  wire. 

b.  Antenna  height  10  m,  wire  radius  0.02  m,  3  segments  per  wire. 

c.  Antenna  height  10  m,  wire  radius  0.03  m,  3  segments  per  wire. 

d.  Antenna  height  5  m,  wire  radius  0.02  m,  3  segments  per  wire, 

e.  Antenna  height  5  m,  wire  radius  0.03  m,  3  .segments  per  wire. 

f.  Antenna  height  5  m,  wire  radius  0.03  m,  5  segments  per  wire. 

g.  Antenna  height  5  m,  wire  radius  0.02  m,  5  segments  per  wire. 

h.  Antenna  height  5  m,  wire  radius  0.04  m,  5  segments  per  wire. 


Figure  2.4  Average  Power  Gain  for  three  "multi- wire"  whip 
antennas  in  triangular  configuration,  5  m  and  10  m  height. 
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Figure  2.5  shows  the  calculated  average  power  gain  for  two  "multi-wire" 
whip  antennas  with  5  meter  spacing  between  them. 
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a.  Antenna  height  10  m,  base  width  0.10  m,  wire  radius  0.01  m. 

b.  Antenna  height  10  m,  base  width  0.16  m,  wire  radius  0.05  m. 

c.  Antenna  height  5  m,  base  width  0.40  m,  wire  radius  0.06  m. 

d.  Antenna  height  3  m,  base  width  0.14  m,  wire  radius  0.03  m. 

e.  Antenna  height  3  m,  base  width  0.40  m,  wire  radius  0.06  m. 

f.  Antenna  height  3  m,  base  width  0.80  m,  wire  radius  0.06  m. 


Figure  2.5  Average  Power  Gain  for  two  "multi- wire"  whip  antennas 

with  5  m  spacing  between  them. 
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From  Figures  2.3,  2.4  and  2.5,  it  is  seen  that  the  average  gain  values  are  not 
all  acceptable,  i.e.  close  to  the  value  of  two  (1.6-2.4).  Although  a  large  variation 
of  geometry  parameters  was  usf  4,  only  in  the  frequency  range  4-28  MHz,were 
the  values  useable.  This  result  does  not  satisfy  the  purpose  of  this  study,  which 
demands  antenna  performance  over  a  very  wide  frequency  range,  4-300  MHz. 
Further  investigation  of  the  "multi-wire"  whip  antenna  models  thus  is  not 
warranted. 


III.  INVERTED  CONE  COMPUTER  MODELS  AND  RESULTS 


This  chapter  presents  the  inverted  cone  computer  models.  Two  different 
geometry  schemes  are  described  and  exercised  for  a  variety  of  feed  points. 

A.  INVERTED  CONE  COMPUTER  MODEL 

One  simple  way  to  describe  an  inverted  cone  is  that  of  two  wire  rings  of 
unequal  diameter,  parallel  to  the  ground,  one  above  the  other,  the  larger  on  top. 
These  rings  are  connected  to  each  other  with  equal-length  wires,  almost  vertical 
to  the  ground.  Figure  3.1  shows  an  inverted  cone  configuration  with  an  upper 
ring  only.  Figure  3.2  shows  another  inverted  cone,  with  two  connected  parallel 
rings  and  the  lower  ring  connected  to  the  ground  by  four  vertical  wires.  The 
parameters  of  these  two  models  which  were  varied  are: 

a.  The  number  of  feed  points  (2  to  12), 

b.  The  wire  radius  ranged  from  0,01  to  0.1  m,  and 

c.  The  distance  of  the  antenna  from  ground  (0  to  0.4  m). 

All  of  these  designs  were  modeled  using  NEC.  Appendix  A  lists  the  input 
data  sets.  The  restrictions  and  limitations  which  were  followed  are  listed  in 
paragraph  A  of  chapter  II. 
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Figure  3.1  Inverted  cone  computer  model  mounted  on  the  ground, 
upper  ring  and  vertical  wires,  only. 
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Figure  3.2  Inverted  cone  computer  model  connected  to  ground  by 

four  vertical  wires. 


B.  COMPUTER  MODEL  RESULTS 
1.  Average  Power  Gain 

Figure  3.3  shows  the  calculated  average  power  gain  for  inverted  cone 
antenna  models  mounted  on  the  ground,  (Figure  3.1),  for  the  following 
configurations  : 

a.  Antenna  mounted  on  the  ground  with  12  feed  points 

b.  Antenna  mounted  on  the  ground  with  4  feed  points 

c.  Antenna  mounted  on  the  ground  with  2  feed  points 
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Figure  3.3  Average  Power  Gain  for  inverted  cone  antenna  models 

mounted  on  the  ground. 


Figure  3.4  shows  the  calculated  average  power  gain  for  inverted  cone 
antenna  models  of  Figure  3.2  connected  to  the  ground  by  vertical  wires,  for  the 
following  configurations: 

a.  Antenna  0.4  m  above  ground  with  4  feed  points 

b.  Antenna  0.4  m  above  ground  with  2  feed  points 

c.  Antenna  0.2  m  above  ground  with  2  feed  points 
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Figure  3.4  Average  Power  Gain  for  inverted  cone  antenna  models 
connected  to  the  ground  by  vertical  wires. 


From  Figures  3.3  and  3.4,  it  is  seen  that  the  average  power  gain  values  are 
mostly  acceptable,  i.e.  in  the  range  1. 6-2.4.  This  is  required  for  the  validity  of 
the  antenna  computer  model,  and  further  investigation  is  needed  to  examine 
antenna  performance. 


2.  Input  Impedance 

The  two  different  inverted  cone  antenna  models  were  run  to  evaluate 
the  variation  of  input  impedance  of  each  model  as  a  function  of  frequency.  The 
two  specific  configurations  of  these  models  were  chosen  because  their  average 
gain  values  were  acceptable  (1. 6-2.4)  over  the  frequency  range.  The  results  are 
indicated  on  two  different  curves,  one  for  resistance  (R),  the  other  for  reactance 
(jX) 

Figure  3.5  shows  the  results  for  an  inverted  cone  antenna  mounted  on 
the  ground.  These  values  are  easy  to  match,  as  can  be  seen  from  the  plot  of  the 
Smith  Chart  of  Figure  3.6,  considering  a  3:1  VSWR  as  a  reasonable  criterion  for 
broadband  shipboard  antenna  operation  (only  point  1,  for  frequency  value  156 
MHz,  is  outside  the  3:1  VSWR  circle).  A  characteristic  impedance  of  400  Ohms 
was  chosen  to  optimize  the  matchable  region  in  this  case.  Typical  shipboard 
systems  use  50  Ohm  feedlines,  which  will  require  broadband  impedance 
transformers  to  be  installed  at  the  antenna  base. 
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Figure  3.5  Input  Impedance  for  inverted  cone  antenna  mounted  on 
the  ground,  with  12  feed  points  and  wire  radius  0.01  m. 
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Figure  3.6  Smith  Chart  plot  for  inverted  cone  antenna  mounted  on 
the  ground,  with  12  feed  points  and  wire  radius  0.01  m,  in  frequency 

range  12-156  MHz. 


Figures  3.7  and  3.8  show  the  results  for  inverted  cone  antennas  0.4  meters 
above  the  ground,  for  different  wire  radii.  For  the  results  of  Figure  3.7,  a 
characteristic  impedance  of  150  Ohms  was  chosen  to  broaden  the  3:1  VSWR  as  it 
is  shown  in  Figure  3.9  (points  1  and  2,  for  frequency  values  12  and  156  MHz 
respectively,  are  ouside  the  3:1  VSWR  circle).  Figure  3.10  shows  the  Smith 
Chart  plot  for  the  results  of  Figure  3.8,  using  100  Ohms  as  characteristic 
impedance,  which  matches  almost  perfectly,  since  only  point  1  is  just  outside  the 
3:1  VSWR  circle. 
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Figure  3.7  Input  Impedance  for  an  inverted  cone  antenna  0.4  m 
above  the  ground,  with  4  feed  points  and  wire  radius  0.01  m. 
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Figure  3.8  Input  Impedance  for  an  inverted  cone  antenna  0.4  m 
above  the  ground,  with  4  feed  points  and  wire  rad  0.10  m. 
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Figure  3.9  Smith  Chart  plot  for  an  inverted  cone  antenna  0.4  ni 
above  the  ground  veith  4  feed  points  and  wire  radius  0.01  m,  in  the 

frequency  range  12-120  MHz. 
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Figure  3.10  Smith  Chart  plot  for  an  inverted  cone  antenna  0.4 
m  above  the  ground,  with  4  feed  points  and  wire  radius  0.10  m,  in 
the  frequency  range  12-120  MHz. 
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IV.  INVERTED  CONE  ON  A  WIRE  GRID  BOX 


COMPUTER  MODEL  AND  RESULTS 

This  chapter  presents  inverted  cone  computer  antennas  mounted  on  a  wiic 
grid  box,  as  modeled  in  NEC. 

A.  INVERTED  CONE  ON  A  WIRE  GRID  BOX  COMPUTER  MODEL 
Figure  4.1  shows  a  wire  grid  box  with  dimensions  26  x  13  x  6.5  meters, 
which  crudely  approximates  a  ship's  shape. 

Figure  4.2  shows  the  inverted  cone  of  Figure  3.2,  0.4  m  above  the  wire  grid 
box,  connected  to  it  by  four  vertical  wires. 

Figure  4.3  shows  the  inverted  cone  of  Figure  3.1,  mounted  on  the  wire  grid 
box  with  12  feed  points  and  one  connection  point. 


Figure  4.1  Wire  grid  box  representing  a  ship's  shape. 
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Figure  4.2  Inverted  cone  0.4  m  above  the  wire  grid  box,  connected 

to  it  by  four  vertical  wires. 
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Figure  4.3  Inverted  cone  mounted  on  the  wire  grid  box  with  one 

connection  point. 


B.  COMPUTER  MODEL  RESULTS 
1.  Average  Power  Gain 

Figures  4.4  and  4.5  show  the  calculated  average  power  gain  for  the  models 
of  Figures  4.2  and  4.3. 


28 


AVE  GAIN 


Figure  4.4  Average  Power  Gain  for  inverted  cone  mounted  on 

the  wire  grid  box,  with  12  feed  points,  one  connection  point  and 

wire  radius  0.01  m. 
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Figure  4.5  Average  Power  Gain  for  inverted  cone  0.4  m  above  the 
wire  grid  box  connected  to  it  with  four  vertical  wires,  and  wire 

radius  0.01  m. 


From  Figures  4.4  and  4.5,  it  is  seen  that  the  average  gain  values  for  tlie  two 
models  are  not  as  close  to  a  value  of  two,  as  they  were  for  perfect  ground,  i.e.  in 
the  range  1. 6-2.4.  The  presence  of  the  wire  grid  box  has  affected  the  results,  but 
ti  average  gain  values  are  still  mostly  acceptable. 


2.  Input.  Impedance 

Figures  4.6  and  4.7  show  the  calculated  input  impedance  for  the  two  inverted 
cone  antenna  models,  as  a  function  of  frequency.  The  results  are  indicated  on  two 
different  curves,  one  for  resistance  (R)  and  the  other  for  reactance  (jX). 
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Figure  4.6  Input  Impedance  for  inverted  cone  mounted  on  the 

wire  grid  box,  with  12  feed  points,  one  connection  point  and  wire 

radius  0.01  m. 
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Figure  4.7  Input  Impedance  for  inverted  cone  0.4  m  above  the  wire 
grid  box  connected  to  it  by  four  vertical  wires,  and  wire  radius  0.01 

m. 


From  the  above  results,  it  is  seen  that  the  presence  of  the  wire  grid  box  has 
affected  all  the  computed  values  of  the  input  impedance,  as  it  did  with  the 
average  gain,,  but  there  are  sdll  matchable  frequency  regions. 

Figure  4.8  shows  the  Smith  Chart  plot  for  the  inverted  cone  mounted  on  the 
wire  grid  box  and  connected  to  it  by  12  vertical  wires,  using  as  characteristic 
impedance  100  Ohms  (points  in  the  frequency  range  20-30  MHz  are  outside  the 
3:1  VSWR  circle).  The  plot  of  the  results  of  the  inverted  cone  0.4  meters  above 
the  wire  grid  box  and  connected  to  it  by  four  vertical  wires  is  shown  in  Figure 


4.9,  for  a  characteristic  impedance  200  Ohms  (points  in  the  frequency  range  28- 
40  MHz  are  outside  tlie  3:1  VSWR  circle). 


Figure  4.8  Smith  Chart  plot  for  an  inverted  cone  antenna  mounted 
on  the  wire  grid  box  with  12  feed  points,  one  connection  point  and 
wire  radius  0.01  m,  in  the  frequency  range  8-48  MHz. 
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Figure  4.9  Smith  Chart  plot  for  inverted  cone  antenna  0.4  m  above 
the  wire  grid  box  connected  to  it  by  four  verical  wires  and  wire 
radius  0.01  m,  in  the  frequency  range  8-44  MHz. 


3.  Radiation  Patterns 

Figures  4.10  -  4.12  show  the  elevation  patterns  for  the  configuration  of  an 
inverted  cone  antenna  mounted  on  the  wire  grid  box  with  12  feed  points,  one 
connection  point  and  wire  radius  0.01  meters,  at  20  MHz. 

Figures  4.13  -  4.15  show  the  elevation  patterns  for  the  configuration  of  an 
inverted  cone  antenna  0.4  meter  above  the  wire  grid  box  connected  to  it  by  four 
vertical  wires,  wire  radius  0.01  meter,  at  20  MHz. 
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Figure  4.10  E-Field  Elevation  Pattern  for  an  inverted  cone 
antenna  mounted  on  the  wire  grid  box  with  12  feed  points,  one 
connection  point  and  wire  radius  0.01  m,  at  20  MHz,  (|)  =  0  degrees. 


35 


Figure  4.11  E-Field  Elevation  Pattern  for  an  inverted  cone 
antenna  mounted  on  the  wire  grid  box  with  12  feed  points,  one 
connection  point  and  wire  radius  0.01  m,  at  20  MHz,  ^  =  63.47 

degrees. 
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Figure  4.12  E-Field  Elevation  Pattern  for  an  inverted  cone 
antenna  with  12  feed  points,  one  connection  point  and  wire  radius 
0.01  m,  at  20  MHz,  (j)  =  90  degrees. 


Figure  4.13  E-Field  Elevation  Pattern  for  an  inverted  cone 
antenna  0.4  m  above  the  wire  grid  box  connected  to  it  by  four 
vertical  wires  and  wire  radius  0.01  m,  at  20  MHz,  (j)  =  0  degrees. 
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Figure  4.14  E-Field  Elevation  Pattern  for  an  inverted  cone 
antenna  0.4  m  above  the  wire  grid  box  connected  to  it  by  four 
vertical  wires  and  wire  radius  0.01  m,  at  20  MHz,  ^  -  63.47  degrees. 


Figure  4.15  E-Field  Elevation  Pattern  for  an  inverted  cone 
antenna  0.4  m  above  the  wire  grid  box  connected  to  it  by  four 
vertical  wires  and  wire  radius  0.01  m,  at  20  MHz,  (j)  =  90  degrees. 
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Elevation  patterns  of  the  two  models  seem  to  be  similar  to  each  other  for  the 
same  value  of  angle  (j),  but  because  of  tlie  asymmetry  of  the  whole  configuration 
(inverted  cone  antenna  plus  wire  grid  box),  for  each  value  of  angle  ^  there  is  a 
competely  different  pattern.  Azimuth  patterns  of  the  two  models  are  shown  in 
Appendix  G. 


V.  CONCLUSIONS  AND  RECOMMENDATIONS 


In  this  thesis  two  different  computer  models  were  discussed;  the  "multi-wire" 
whip  antenna  and  the  inverted  cone  antenna.  Average  power  gain  was  computed 
for  both  models,  but  only  the  results  for  the  inverted  cone  were  acceptable,  i.e. 
close  to  two  (1. 6-2.4).  Input  impedance  was  computed  for  the  inverted  cone 
model,  first  over  a  perfect  ground  plane  and  then  over  a  wire  grid  box,  with 
acceptable  results,  i.e.  showing  the  existence  of  matchable  frequency  regions. 
Finally,  the  elevation  patterns  are  presented  for  two  inverted  cone  models,  one 
0.4  meters  above  the  wire  grid  box  connected  to  it  by  four  vertical  wires  and  the 
other  mounted  on  the  wire  grid  box  with  12  feed  points  and  one  connection 
point.  The  patterns  change  dramatically,  with  respect  to  the  angle  (]),  but  they 
seem  to  be  similar  for  the  two  models. 

A.  CONCLUSIONS 

The  purpose  of  this  thesis  was  the  investigation  of  possible  ways  to  reduce 
the  number  of  communication  antennas  on  a  ship.  A  solution  to  this  problem  can 
be  the  construction  of  antennas  performing  in  HF,  VHF  and  UHF  bands,  in 
acceptable  limits.  For  this  reason,  the  frequency  range  of  this  study  was  4-300 
MHz. 

The  "multi-wire"  whip  antenna  computer  model  was  run  over  a  perfect 
ground  plane.  The  computed  results  for  the  average  power  gain  were  acceptable 
only  in  the  frequency  range  4-28  MHz,  although  many  different  geometry 
schemes  were  tested.  For  this  reason,  the  investigation  on  the  "multi-wire"  whip 
antenna  computer  model  was  not  extended  any  further. 

The  inverted  cone  computer  model  was  run  also  over  a  perfect  ground  plane. 
The  values  of  the  the  computed  average  power  gain  were  close  to  two  in  the 
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frequency  range  of  4-152  MHz,  In  addition,  the  results  of  the  computed,  input 
impedance  show  that  matchable  frequency  regions  exist  for  this  antenna  model, 
especially  for  two  geometry  configurations;  the  inverted  cone  with  12  feed  points 
mounted  on  tlie  ground  plane  and  the  inverted  cone  with  4  feed  points  and  0.4 
meter  distance  from  the  ground  plane.  These  two  specific  models  were  mounted 
over  a  wire  grid  box,  used  as  a  ship’s  shape  approximation,  and  were  run  again. 
The  values  of  the  computed  gain  were  different,  but  they  were  still  acceptable, 
close  enough  to  the  value  of  two  (1.6-2.4),  in  the  frequency  range  of  8-48  MHz. 
In  this  range,  there  were  matchable  regions  of  the  computed  input  impedance 
(considering  a  3:1  VSWR  as  an  acceptable  ratio  for  broadband  shipboard 
antennas).  This  is  the  reason  why  the  inverted  cone  antenna  model  is  considered 
valid.  Further  investigation  may  yield  improvements  in  performance. 

I!.  RECOMMENDATIONS 

There  are  several  aspects  of  this  study  which  warrant  further  investigation, 
considering  the  acceptable  results  of  the  inverted  cone  antenna  models  tested  over 
a  perfect  ground  plane  and  over  a  wire  grid  box: 

-  Compute  the  average  power  gain,  the  input  impedance,  and  the  radiation 
patterns  of  the  two  inverted  cone  antenna  models  on  the  wire  grid  box  at  higher 
frequencies, 

-  Vary  the  number  of  feed  positions  of  the  inverted  cone  antenna  on  the  wire 
grid  box. 

-  Vary  the  distance  between  the  inverted  cone  antenna  and  the  wire  grid  box 
because  the  results  for  the  computed  average  power  gain  and  input  impedance 
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were  totally  different  for  the  three  cases  of  this  study;  inverted  cone  mounted  on 
the  wire  grid  box,  inverted  cone  0.2  meters  above  the  wire  grid  box  and  inverted 
cone  0.4  meters  above  the  wire  grid  box. 

-  Try  more  geometry  schemes  for  the  inverted  cone  antenna,  i.e.  vary  the 
number  and  the  length  of  the  v.'ires  to  improve  the  frequency  bandwidth  of 
acceptable  results. 
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appendix  a 


Contained  in  this  appendix  are  NEC  data  sets  for  the  computer  antenna 
models  used  in  this  thesis. 


a.  Two  "multi- wire"  whip  antennas. 


CE  1W3  "MUuTI-WIHE“  WHIP  ANTENNAS 
GUI  ,7,.Q)5,S.  ,0.  .0-  .0'  .'0-  ’ 

GW2  7, -.05,0.  ,0.  ,0-  .0-  .10-  f®'  ! 
GW:i.7.0.  ,.05,0.  .0.  .0.  ,10.  f®'  . 

GW4  ,7  ,0.  ,-.05.0.  rO.  ..0-  .10-  > 

6W5  ,7  ,0.05  .5.  ,0.  .0'  .5. .10- .*0'  t 
GW6.7.-.05.5.  ,0.  .0.  .5.  .'®-  - 

GW7,7.0.  ,5,0S,Q.  ,0.  .5.  ,10-  r-®  - 
GW8,7,0.  ,4.95,0.  ,0.  .5.  ,>0-  f®'  • 
6W9.7  .0.  ,0.  .0-  .0*  .0* 

GW10,7,0.  .5. ,0. ,0- ,5.  ,10. .-01  t 

GEI  ,0,0.  r 

FRO  ,5, 0,0, 'I-  A-  > 

EK0  . 

EX0.1,2,E0,I*,0-- 

8X0,2,2,00.1.  .0.  . 

EXO,3,2,00,1  .  ,0.  . 

EX0.4,2  ,00,1  -  .0.  r 
E>;0,5,2,00.1..0-. 

F.X0,6.2,00,1.  ,0.  , 

EX0,7,2,oa,l  .  ,0.  . 

EX0,8,2  ,00,1.  ,0.  r 
£%%  .9.2  ,00,1 • r®. . 

EXQ.t 0,2  ,00,1.  .0"  r 
GNl 

RPo’.ai  ,2,1001  ,0.  ,0.  .1-  ,3®.  .®'  >®-  > 

EN 
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b.  Three  "multi-wire"  whip  antennas  in  triangular  form. 


CE  THREE  "MULTr-WlRE"  WHIP  ftNTENNrtS  IN  TRIANGULAR  FORM 


GWI  ,5,2.05,2. ,0.  ,2. 

•} 

>  ^ 

.  ,10.  ,.0I  . 

GU2, 5,1 .95,2.  ,0.  ,2. 

• 

. ,10. .,01 ; 

GW3.S.2.  , 

2.05  ,0.  ,2. 

.  ,10.  ,.0I  ; 

GW4.5.2.  . 

1.55,0.  ,2. 

*  *  *“ 

.  ,10.  ,.0i  , 

GWS.S,-1 

95,2.  ,0. 

-2 . 

,2.  .)0.  ,.01  . 

6W6,5,-2 

05,2.  .0. 

,2. .10. ,.01  , 

GW?  ,5  ,~2 

,2.05,0. 

-  7 

.2.  ,10.  ..01  . 

6018,5,-2 

,1.95,0. 

-2. 

;2. .10. ,.01  . 

GW9,5,.0F 

i.-2. ,0. ,0. 

■  t 

2. ,10. ,.01  , 

GU|0,5,- 

05,-2. ,0. 

,0. 

-2. ,10.  ,.01  , 

GUl 1  ,5 .0 

,-2.05,0. 

,0. 

,-2. ,10.  ,.01  , 

GW  12 ,5,0 

,,  ,-l  .95,0. 

.0* 

,-2. ,10. ..01  , 

6E1 ,0,0. . 


c.  Inverted  cone  antenna  mounted  on  the  ground. 

CE  INVERTED  CONE  ANTENNA  CONNECTED  TO  THE-  GROUND 
GWI  ,3,.G7D,0. .6. 3,. 5845,. 5575, 6.9,. 01 , 

6W2,.3,I  .5,0.  ,8.9,1  .299..75, 8.9,, 01  ,  ’ 

GU3 ,2 ,I .5,0. ,8.9,1 .5,0. ,9. I ,.0I  . 

G'/J4  ,2,1  .5,0.  ,9.  I  .1  .6,0.  ,3.1  ,.0)  . 

GW5  , 5  , .  5845  . ,  .3375  , G  .  9 , 1  . 299 , .  75 , 8 . 9  , .  0 1  , 

GWC ,3 , . 5845 , . 3375 .6.9,. 3575 . . 5845  ,6 . 9  . . 0 1  , 
GW7,3,1  .2'dg,.75,8.9,.75,l  .299,8.9.,01  . 

GU'8, 2, 1 .299,.  75, 6. 9,1  .239,.  75, 9,  I  .'.01  , 

GN9, 2, 1.299,. 75. 9,1  ,1.586,. 8,9.1  ,.0 1 , 

GUI  0,5,. 3375,. 5845 ,6. 3,. 75,1 .299, 8. 9,. 01  , 

GUI  1  .3,. 5575,. 5845,6. 9,0.  ,  .575  ,0 . 9  , .  01  •; 
6W12,3,.75,I.239,8.9,0. ,l,5;8.9,.^i . 

GUI  3. 2,. 75, 1.239 ,8. 9,. 75, 1.299, 9. I ;. 01 . 
eW14  ,2,.75,l .293,9. I ,.8,I.38B.9. 1 ,.01 , 

GWI 5, 5,0. ,.675,6.9.0. ,1 .5, 8.9.. 01  , 

6W1G,3..675,0. ,6 . 9 , .675 .0. ,G .5 , .0 1 , 

SRI  ,4, 

GEI  ,0,0. , 

FR0,l  ,0,0,12. ,0. ,0. , 

EKO, 

GNI  , 

EN 


44 


d.  Inverted  cone  antenna  mounted  on  a  wire  grid  box. 


CE  INVERTED, CONE  ANTENNA  MOUNTED  ON  A  WIRE  GRID  BOX 
GW1,18,6.5,0. ,6. 5, 6. 5, 13., 6. 5, .001, 

GW2,9,6.5,13. ,6. 5,0., 13., 6. 5, .001, 

GW3,18,3.25,0. .6. 5, 3. 25, 13., 6. 5,  .001, 

GW4, 9, 6. 5, 6. 5, 6. 5,0. ,6. 5, 6. 5,. 001, 

GW5, 5, 3. 25, 3. 25, 6. 5,0. ,3.25,6.5, .001, 

GW6, 9, 1.625,0. ,6.5,1.625,6.5,6.5, .001, 

GW7,9,6.5,13. , 6. 5, 6. 5, 13., 0., .001, 

GX10,110, 

GW81,3,1.5,0. ,8.5,1.299, .75,8.5, .01, 

GW82 , 2, 1.5,0. ,8. 5, 1.5,0. ,8. 7, .01, 

GW83,2,1.5,0. ,8. 7, 1.6,0., 8. 7,. 01, 

GW84,5,1.299, . 75 , 8 . 5 , . 58 45 , .3375,6.5, .01, 

GW85,3,0. ,0., 6. 5,. 5845,. 337 5, 6. 5,. 01, 

GM100,11,0. ,0.,30.,0.,0.,0.,81.85, 

GW2001,5,1.625,0. ,6. 5, 0.67 5,0., 6. 5,. 01, 
GW2002,5,-.675,0. ,6. 5, -1.625,0., 6. 5,. 01, 

GW2003,5,0. ,-3.25,6.5,0. ,-.675,6.5, .01, 

GW2004,5,0. ,3.25,6.5,0. , .675,6.5, .01, 

GW2005, 5, 1.625,0. , 6 . 5 , 3 . 25 , 0 . , 6 . 5 , . 01 , 

GW2006, 5, 3.25,0. ,6. 5, 6. 5,0., 6. 5,. 01, 

GW2007, 5,-1.625,0. , 6 . 5 , -3 . 25 , 0 . , 6 . 5 , . 01 , 

GW2008 ,5, -3. 25,0., 6. 5, -6. 5,0. ,6.5, .01, 

GW2009,5,0. ,3. 25, 6. 5,0., 6. 5, 6. 5,. 01, 

GW2010 ,5,0. ,6. 5, 6. 5,0. ,13. ,6.5, .01, 

GW  2011,5,0. ,-3.25,6.5,0. ,-6.5, 6. 5, .01, 

GW2012,5,0. ,-6.5, 6. 5,0. ,-13. ,6.5, .01, 
GW2013,5,6.5,0. ,6.5,6.5,0.,0.,.01, 

GW2014 ,5,-6.5,0.,6.5,-6.5,0.,0., .01, 

GW2015, 5, 0.  ,  -13  .  ,  6.5, 0.  ,  -13  .  ;'0.  ,  ,01, 

GW2016,5,0. , 13., 6. 5,0., 13., 0.,. 01, 

GE1,0,0. , 

FR0,1,C,0,4. ,0. , 

EKO, 

EXO, 0,155, 00,1. ,0.  , 

EXO, 0,203, 00,1. ,0.  , 

EXO, 0,251, 00,1. ,0,  , 

EXO, 0,299, 00,1. ,0.  , 

GNl, 

RPO, 91, 2, 1001,0. ,0. ,1. , 90. ,0. ,0. , 

EN 
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e.  Inverted  cone  antenna  0.4  meter  above  a  wire  grid  box,  connected 


to  it  by  four  vertical  wires. 

CE  INVERTED  CONE  ANTENNA  0.4  M  ABOVE  THE  BOX 
GW1,5,6.5,0. ,3. 25, 6. 5, 13., 3. 25, .01, 

GW2 ,5, 6. 5, 13. ,3. 25,0. ,13. ,3. 25,  .01, 

GW3 , 5, 6. 5, 13. ,0., 6. 5, 13. ,3. 25, .01, 

GX10,111, 

GW81,3, .675,0. ,3.65, .5845, .3375,3.65, .01, 
GW82,3,1.5,0. , 5. 65, 1.299, .7 5, 5.65, .01, 

GW83 , 2 , 1 . 5, 0 . ,5. 65, 1.5,0., 5. 85,. 01, 

GW8  4,2,1.5,0. ,5. 85, 1.6,0., 5. 85,. 01, 

GW85,5, .5845; .3375,3.65,1.299, . 75 , 5 . 65 , . 01 , 
GW86,3, .5845, .3375,3.65, .3375, .5845,3.65, .01, 
Gf>87,3,1.299,  .  7  5',  5 . 65  ,  .  7  5 , 1 . 299 , 5 . 65  ,  .  01 , 

Gt78  8,2,1.299,  .75, 5. 65, 1.299,. 75, 5. 85,.  01, 
GW89,2,1.299, .75, 5. 85, 1.386,. 8, 5. 85,. 01, 
GW90,5, .337 5,. 58 45, 3. 65, .75,1.299,5.65, .01, 
GW91,3, .3375,. 5845, 3. 65,0.,. 67 5, 3. 65,. 01, 
GWg2,3, .75, 1.299, 5. 65,0., 1.5, 5. 65,. 01, 
GW93,2,'.7  5,1.299,5.65,  .75,1.299,5.85,  .01, 
GW94,2, .75,1 .299,5.85, .8,1.386,5.85, .01, 

GW9  5, 5,0.,  .675, 3. 65,0. ,1.5, 5. 65,  .01, 

GW96,3, .675,0. ,3.65, .675,0. ,3.25, .01, 
GM100,3,0. ,0. ,90. ,0. ,0. ,0. ,81.96, 

GW401,5,0. ,-13. ,3.25,0. ,13. ,3.25, .1, 
GW4C2,5,-3.25,-13. , 3 . 25 , -3 . 25 , 13 . , 3 . 25 , . 1 , 
GW403,5,3.25,-13.,3.25,3.25,13. ,3.25, .1, 
GW404 , 5, 6 .5,0.,3.25,-6,5,0.,3.25,.l, 

GW405, 5, 6. 5, 6. 5, 3. 25, -6. 5, 6. 5, 3. 25, .1, 

GW406, 5, 6. 5, -6. 5, 3. 25, -6. 5, -6. 5, 3. 25,  .1, 
GW407, 5,3.25,-3.25,3.25,-3.25,-3.25,3.25, .1, 
GW408, 5,3.25,3.25,3.25,-3.25, 3.25,3.25,  .1, 
GW409, 5, -1.625, -6. 5, 3. 25, -1.625, 6.5,3.25, .1, 
GW410, 5, 1.625, -6. 5, 3. 25, 1.625, 6.5,3.25, .1, 
GW411, 5, 6. 5, -6. 5, 3. 25, 6. 5, -6. 5, -3. 25, .1, 
GW412, 5, 6. 5, 6. 5, 3. 25, 6. 5, 6. 5, -3. 25, .1, 

GW413, 5,6.5, 0. , 3. 25, 6. 5,0., -3. 25,. 1, 

GW414, 5, -6. 5, -6. 5, 3. 25, -6. 5, -6. 5, -3. 25, .1, 
GW415 , 5, -6. 5, 6. 5, 3. 25, -6. 5, 6. 5, -3. 25,. 1, 
GW416,5,-6.5,0. , 3 . 25 , -6 . 5 , 0 . , -3 . 25 , . 1 , 
GW417,5,3.25,13.,3.25,3.25,13. ,-3.25, .1, 
GW418, 5,0. ,13. ,3.25,0. ,13. ,-3.25, .1, 

GW419, 5, -3. 25, 13. ,3.25,-3.25,13. ,-3.25, ,1, 
GW420,5,3.25,-13. ,3.25,3.25,-13. ,-3.25, .1, 
GW421,5,0. ,-13. ,3.25,0. ,-13. ,-3.25, .1, 
GW422,5,-3.25,-13. , 3 . 25 , -3 . 25 , -13 . , -3 . 25  ,  . 1 , 
GW423,5,6.5,-13. ,0.,6.5,13.,0.,.l, 
GW424,5,6.5,13- ,0.,-6.5,13.,0.,.l, 
GW425,5,-6.5, 13. ,0. ,-6.5,-13. ,0. , .1, 

GW426, 5,-6.5,-13. ,0. ,6.5,-13. ,0.  ,  .1, 

GE1,0,0. , 
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APPENDIX  B 


Contained  in  this  appendix  are  average  power  gain  values  generated  by  the 
NEC  computer  analysis  for  the  "multi-wire"  whip  antennas. 


TABLE  B1  Average  Power  Gain  for  4  ’’multi-wire"  whip 
antennas  with  antenna  height  10  m  and  base  width  0.10  m. 


Spacing  between  Spacing  between 

antennas  2  M  antennas  3  M 


Frequency 

in  MHz 

Wire  radius 

0.01  M  1 

Wire  radius 

0.02  M 

Wire  radius 

0.01  M  ! 

Wire  radius 

0.02  M 

4  1 

1.99 

1.99 

1.99 

1.77 

8 

2.00 

2.00 

2.02 

0.82 

12 

2.01 

2.01 

2.05 

1.24 

16 

2.03 

2.03 

2.16 

1.44 

20 

2.07 

2.07 

2.40 

1.69 

24 

2.15 

2.15. 

2.66 

1.50 

28 

2.32 

2.32 

3.21 

1.76 

32 

2.50 

2.49 

3.64 

1.79 

36 

2.45 

2.47 

3.33 

1.75 

40 

2.49 

2.49 

3.26 

1.76 

TABLE  B2  Average  Power  Gain  for  3  "multi-wire"  whip 
antennas  in  triangular  form  with  antenna  height  10  m,  base  width  0.1 

m  and  6  m  spacing  between  them. 


3  5 

segments _ _ segments 


Frequency 

Wire  radius 

Wire  radius 

Wire  radius 

Wire  radius 

in  MHz 

0.01  M 

0.02  M 

0.01  M 

0.02  M 

4 

1.93 

1.94 

1.93 

1.92 

8 

2.26 

2.20 

2.24 

2.19 

12 

2.01 

2.00 

2.01 

2.01 

16 

1.96 

1.96 

1.98 

1.97 

20 

1.85 

1.86 

1.97 

1.99 

24 

1.96 

1.92 

2.44 

2.40 

28 

2.18 

2.13 

2.98 

2.95 

32 

2.90 

2.87 

3.30 

3.26 

36 

2.34 

1.99 

2.78 

2.70 

40 

2.17 

0.69 

2.62 

2.59 

48 


TABLE  B3  Average  Power  Gain  for  2  "multi-wire”  whip 
antennas  with  a  5  m  spacing  between  them  and  antenna  height  10  ni. 


Base  width  0.10  M  Base  width  0.03  M 


Frequency 

in  MHz 

Wire  radius 

0.01  M 

Wire  radius 

0.02  M 

Wire  radius 

0.03  M 

4 

1.99 

1.99 

1.99 

12 

2.01 

2.01 

2.01 

20 

2.09 

2.09 

2.08 

28 

2.38 

2.41 

2.39 

36 

2.71 

2.74 

2.72 

44 

4.03 

4.03 

4.03 

52 

2.85 

2.86 

2.87 

60 

3.49 

3.49 

3.49 

68 

2.93 

2.93 

2.94 

76 

3.18 

3.16 

3.15 

84 

2.98 

2.97 

2.98 

92 

3.14 

3.11 

3.08 

100 

3.19 

3.18 

3.18 

49 


TABLE  B4  Average  Power  Gain  for  2  "multi-wire”  whip 
antennas  with  antenna  height  10  m  and  base  width  0.10  m. 


Antenna  spacing  Antenna  spacing 


3M  4M 


Frequency 

3 

5 

5 

in  MHz 

segments 

segments 

segments 

4 

1.99 

1.99 

1.99 

8 

1.99 

2.00 

2.01 

12 

2.01 

2.01 

2.04 

16 

2.04 

2.04 

2.14 

20 

2.07 

2.10 

2.36 

30 

2.40 

2.57 

3.41 

40 

2.34 

2.58 

3.09 

50 

9.81 

3.02 

3.55 

50 


TABLE  B5  Average  Power  Gain  for  3  "multi-wire"  whip 
antennas  in  triangular  form  with  antenna  height  10  m,  base  width 
0.16  m  and  6  m  spacing  between  them. 


5  segments _ _ 3  segments 


Frequency 

Wire  radius 

Wire  radius 

Wire  radius 

Wire  radius 

in  MHz 

0.02  M 

0.03  M 

0.02  M 

0.03  M 

4 

0.68 

1.92 

1.94 

1.95 

8 

0.93 

2.21 

2.26 

2.22 

12 

1.51 

2.02 

2.01 

2.00 

16 

2.46 

1.98 

1.96 

1.96 

20 

2.67 

1.99 

1.88 

1.89 

24 

3.32 

2.34 

1.97 

1.95 

28 

3.54 

2.91 

2.17 

2.12 

32 

4.09 

3.27 

2.89 

2.87 

36 

2.98 

2.70 

2.28 

1.98 

40 

3.73 

2.59 

2.16 

1.88 
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TABLE  B6  Average  Power  Gain  for  3  "multi- wire"  whip 
antennas  in  triangular  form  with  antenna  height  5  m,  base  width  0.16 

m  and  6  m  spacing  between  them. 


3  segments _ _ 5  segments 


Frequency 

Wire  radius 

Wire  radius 

Wire  radius 

Wire  radius 

in  MHz 

0.02  M 

0.03  M 

0.02  M 

0.03  M 

4 

1.71 

1.86 

1.83 

1.84 

8 

1.93 

1.87 

1.86 

1.85 

12 

1.85 

1.77 

1.77 

1.75 

16 

2.18 

2.14 

2.18 

2.15 

20 

1.96 

1.95 

1.97 

1.96 

24 

1.98 

1.99 

2.00 

1.99 

28 

2.37 

2.56 

2.55 

2.55 

32 

2.81 

3.46 

3.46 

3.46 

36 

2.07 

3.28 

3.12 

3.25 

40 

2.21 

2.65 

2.79 

2.64 

52 


Tables  B7-B14  list  the  calculated  average  power  gain  for  two  "multi-wire" 
whip  antennas  in  a  5  meter  spacing  between  them. 

TABLE  B7  Average  Power  Gain  for  two  "multi- wire"  whip 
antennas  with  antenna  height  5  m. 

Base  width  Base  width  Base  width  Base  width 


0.10  M 

0.16  M 

0.10  M 

0.16  M 

Frequency 

Wire  radius 

Wire  radius 

Frequency 

Wire  radius 

Wire  radius 

in  MHz 

0.01  M 

0.03  M 

in  MHz 

0.01  M 

0.03  M 

80 

2.54 

2.54 

140 

2.81 

2.78 

84 

2.40 

2.40 

144 

2.65 

2.63 

88 

2.35 

2.36 

148 

2.57 

2.56 

92 

2.42 

2.42 

152 

2.62 

2.62 

96 

2.64 

2.65 

156 

2.84 

2.83 

100 

3.02 

3.00 

160 

3.03 

2.97 

104 

3.20 

2.99 

164 

2.94 

2.90 

108 

3.25 

3.19 

168 

2.87 

2.86 

112 

3.26 

3.39 

172 

2.90 

2.91 

116 

3.21 

3.50 

176 

3.01 

3.02 

120 

3.09 

3.47 

180 

3.15 

3.15 

124 

3.19 

3.18 

184 

3.26 

3.23 

128 

3.14 

3.15 

188 

3.23 

3.13 

132 

3.16 

3.14 

192 

2.98 

2.90 

1'“”  ■'  "" 

136 

3.02 

2.98 

200 

2.85 

2.86 
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TABLE  B8  Average  Power  Gain  for  two  "multi- wire"  whip 
antennas,  antenna  height  3  m,  base  width  0.10  m  and  wire  radius 

0.01  m. 


Frequency 

AVE  GAIN 

Frequency 

AVE  GAIN 

Frequency 

AVE 

in  MHz 

inMHz  1 

inMHz 

GAIN 

100 

2.88 

i 

160 

2.72 

218 

2.82 

104 

3.09 

164 

2.87 

220 

2.89 

108 

3.30 

168 

2.93 

224 

2.99 

112 

3.41 

172 

2.93 

228 

3.05 

116 

3.37 

176 

! 

2.97  1 

232 

3.08 

120 

3.27 

180 

3.06 

236 

3.09 

124 

2.55 

184 

3.14 

244 

3.09 

128 

2.44 

188 

3.16 

248 

3.05 

132 

2.40 

192 

3.11 

256 

2.95 

136 

2.48 

196 

2.99 

260 

2.92 

140 

2.65 

200 

2.86 

268 

2.92 

144 

3.46 

204 

2.73 

284 

2.92 

148 

3.35 

208 

2.66 

288 

2.98 

152 

3.15 

212 

2.67 

292 

3.05 

156 

2.93 

216 

i  2.76 

300 

3.14 

54 


TABLE  B9  Average  Power  Gain  for  two  "multi-wire"  antennas 

with  antenna  height  10  m. 

Base  width  0.14  M  Base  width  0.16  M 


Frequency 

in  MHz 

Wire  radius 

0.03  M 

Wire  radius 

0.04  M 

Wire  radius 

0.03  M 

Wire  radius 

0.04  M 

4 

2.01 

1.99 

1.99 

1.99 

8 

2.01 

1.99 

2.00 

2.00 

12 

2.02 

2.01 

2.01 

2.01 

16 

2.04 

2.04 

2.04 

2.04 

20 

2.09 

2.08 

2.09 

2.08 

24 

2.13 

2.13 

2.13 

2.13 

28 

2.39 

2.39 

2.39 

'’39 

32 

2.78 

2.78 

2.78 

2.78 

36 

2.73 

2.74 

2.74 

2.75 

55 


TABLE  BIO  Average  Power  Gain  for  two  "multi- wire"  whip 
antennas  with  antenna  height  10  m. 


Base  width 

Base  width 

Base  width 

Base  width 

0.16  M 

0.24  M 

0.40  M 

0.80  M 

Frequency 

Wire  radius 

Wire  radius 

Wire  radius 

Wire  radius 

in  MHz 

0.05  M 

0.04  M 

0.06  M 

0.08  M 

4 

1.99 

1.99 

1.99 

2.00 

8 

1.99 

2.00 

2.00 

2.00 

12 

2.01 

2.01 

2.01 

2.01 

16 

2.04 

2.04 

2.04 

2.04 

20 

2.08 

2.09 

2.08 

2.09 

24 

2.13 

2.14 

2.15 

2.16 

28 

2.39 

2.39 

2.40 

2.41 

32 

2.78 

2.78 

2.78 

2.77 

36 

2.76 

2.78 

2.85 

2.94 

56 


TABLE  Bll  Average  Power  Gain  for  two  "multi- wire"  whip 
antennas  with  antenna  height  5  m. 


Base  width 

Base  width 

Base  width 

Base  width 

0.14  M 

0.16  M 

0.40  M 

0.80  M 

Frequency 

Wire  radius 

Wire  radius 

Wire  radius 

Wire  radius 

in  MHz 

0.03  M 

0.04  M 

0.06  M 

0.80  M 

4 

1.99 

1.99 

2.00 

6.13 

8 

1.99 

1.99 

2.00 

7.87 

12 

2.01 

2.01 

2.01 

23.9 

16 

2.03 

2.03 

2.04 

-6.18 

20 

2.09 

2.09 

2.09 

-4.96 

24 

2.22 

2.22 

2.23 

1.83 

28 

2.48 

2.48 

2.48 

2.34 

32 

2.92 

2.91 

2.91 

2.89 

36 

3.45 

3.44 

3.43 

3.56 

57 


TABLE  B12  Average  Power  Gain  for  two  "multi- wire"  whip 

antennas. 


Antenna 

[leight  3  M  Antenna  height  2  M 

Base  width 

0.40  M 

Base  width 

0.80  M 

Base  width 

0.10  M 

Frequency 

in  MHz 

Wire  radius 

0.06  M 

Wire  radius 

0.06  M 

Wire  radius 

0.01  M 

4 

2.68 

2.01 

2.00 

8 

2.84 

2.12 

2.00 

12 

3.51 

2.24 

2.01 

16 

8.88 

2.83 

2.03 

20 

1.80 

1.86 

2.09 

24 

2.34 

2.52 

2.20 

28 

2.56 

2.59 

2.40 

32 

2.92 

2.87 

2.72 

36 

3.42 

3.28 

3.13 

58 


TABLE  B13  Average  Power  Gain  for  two  "multi-wire"  whip 
antennas  with  antenna  height  2  m. 

Base  width  Base  width  Base  width 


o; 

14  M 

0.40  M 

0.80  M 

Frequency 

Wire  radius 

Wire  radius 

Wire  radius 

Wire  radius 

in  MHz 

0.03  M 

0.04  M 

0.06  M 

0.08  M 

4 

1.99 

1.99 

2.00 

1.99 

8 

1.99 

1.99 

2.00 

2.00 

12 

2.01 

2.01 

2.01 

2.01 

16 

2.03 

2.03 

2.03 

2.03 

20 

2.09 

2.08 

2.09 

2.09 

24 

2.20 

2.19 

2.20 

2.20 

28 

2.40 

2.40 

2.40 

2.40 

32 

2.72 

2.71 

2.72 

2.71 

36 

3.13 

3.13 

3.13 

3.11 

59 


TABLE  B14  Average  Power  Gain  for  two  *' multi- wire"  whip 
antennas  with  antenna  height  1  m. 


Base  width 

Base  width 

Base  width 

Base  width 

0.16  M 

0.24  M 

0.40  M 

0.80  M 

Frequency 

Wire  radius 

Wire  radius 

Wire  radius 

Wire  radius 

in  MHz 

0.05  M 

0.04  M 

0.06  M 

0.08  M 

4 

1.98 

1.99 

1.99 

1.99 

8 

1.99 

1.99 

1.99 

1.99 

12 

1.99 

2.01 

1.99 

2.00 

16 

2.02 

2.03 

2.02 

2.02 

20 

2.07 

2.08 

2.07 

2.08 

24 

2.18 

2.19 

2.18 

2.18 

28 

2.37 

2.39 

2.37 

2.38 

32 

2.67 

2.69 

2.67 

2.67 

36 

3.06 

3.08 

3.06 

3.06 

60 


APPENDIX  C 


Elevation  patterns  for  the  "multi-wire"  whip  antenna  computer  model 
were  obtained  for  the  configuration  of  two  antennas  with  a  5  meter  spacing 
between  them,  wire  radius  0.01  meters,  base  width  0.10  meters,  and  antenna 
height  10  meters,  in  the  frequency  range  4-100  MHz.. 


Figure  C.l  E-Field  Elevation  Pattern  for  two  "multi-wire"  whip 
antennas,  with  a  5  m  spacing  between  them,  base  width  0.10  m, 
antenna  height  10  m,  at  4  MHz,  <})  =  0  degrees. 
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Figure  C.2  E-Field  Elevation  Pattern  for  two  "multi-wire"  whip 
antennas,  with  a  5  m  spacing  between  them,  wire  radius  0.10  m, 
antenna  height  10  m,  at  12  MHz,  (])  =  0  degrees. 


Figure  C.3  E-Field  Elevation  Pattern  for  two  "multi-wire"  whip 
antennas,  with  a  5  m  spacing  between  them,  wire  radius  0.10  m, 
antenna  height  10  m,  at  20  MHz,  (j)  =  0  degrees. 
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Figure  C.4  E-Field  Elevation  Pattern  for  two  **  multi- wire"  whip 
antennas,  with  a  5  m  spacing  between  them,  wire  radius  0.10  m, 
antenna  height  10  m,  at  30  MHz,  4)  =  0  degrees. 


Figure  C.5  E-Field  Elevation  Pattern  for  two  "multi-wire"  whip 
antennas,  with  a  5  m  spacing  between  them,  wire  radius  0.10  m, 
antenna  height  10  m,  at  40  MHz,  (|)  =  0  degrees. 


Figure  C.6  E-Field  Elevation  Pattern  for  two  ’’multi-wire"  whip 
antennas,  with  a  5  ra  spacing  between  them,  wire  radius  0.10  m, 
antenna  height  10  m,  at  60  MHz,  (}>  =  0  degrees. 


Figure  C.7  E-Field  Elevation  Pattern  for  two  "multi- wire"  whip 
antennas,  with  a  5  m  spacing  between  them,  wire  radius  0.10  m, 
antenna  height  10  m,  at  80  MHz,  ({>  =  0  degrees. 
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Figure  C.8  E-Field  Elevation  Pattern  for  two  "multi- wire"  whip 
antennas,  with  a  5  m  spacing  between  them,  wire  radius  0.10  m, 
antenna  height  10  m,  at  100  MHz,  ({>  =  0  degrees. 


APPENDIX  D 


Contained  in  this  appendix  are  average  power  gain  values  generated  by  the 
NEC  computer  analysis  for  inverted  cone  antenna  models. 


TABLE  D1  Average  Power  Gain  for  inverted  cone  mounted  on 
the  ground  with  4  feed  points  and  wire  radius  0.01  m. 


1 

i 

Frequency 

in  MHz 

AVE  GAIN 

Frequency 

in  MHz 

AVE  GAIN 

4 

2.01 

64 

1.58 

8 

1 

2.01 

68 

1.60 

12 

2.01 

72 

1.71 

16 

2.01 

76 

1.81 

20 

2.02 

80 

1.87 

24 

2.03 

84 

1.92 

28 

2.04 

88 

2.11 

32 

2.07 

92 

2.05 

36 

2.10 

96 

2.07 

40 

2.15 

100 

2.15 

44 

2.22 

104 

2.24 

48 

2.32 

108 

2.30 

52 

2.48 

112 

2.33 

56 

2.76 

116 

2.32 

60 

1 

2.54 

120 

2.28 

TABLE  D2 


Average  Power  Gain  for  inverted  cone  mounted  on 
the  ground  with  2  feed  points. 


Frequency 

Wire  radius 

Wire  radius 

Wire  radius 

in  MHz 

0.01  M 

0.05  M 

0.10  M 

4 

2.57 

2.67 

1.89 

16 

2.01 

1.99 

1.60 

28 

2.01 

1.99 

1.62 

40 

2.05 

2.02 

1.88 

52 

2.67 

2.52 

1.67 

64 

2.19 

2.40 

1.48 

76 

2.10 

2.20 

1.42 

88 

1.85 

1.88 

1.55 

100 

1.72 

1.64 

1.45 

112 

2.28 

1.94 

1.43 

124 

1.94 

2.05 

2.13 

136 

1.81 

1.36 

2.73 

148 

1.81 

1.29 

2.74 

162 

1.78 

1.56 

2.27 

174 

1.65 

1.88 

2.33 

TABLE  D3  Average  Power  Gain  for  inverted  cone  0.4  m  above 
the  ground  with  2  feed  points  and  wire  radius  0.01  m. 


Frequency 

in  MHz 

AVE  GAIN 

Frequency 

in  MHz 

AVE  GAIN 

4 

1.93 

76 

2.12 

8 

1.93 

80 

2.24 

12 

1.93 

84 

2.26 

16 

1.93 

88 

2.26 

20 

1.93 

92 

2.36 

24 

1.93 

96 

2.47 

28 

1.93 

100 

2.60 

32 

1.94 

104 

2.77 

36 

1.94 

108 

2.94 

40 

1.95 

112 

3.05 

44 

1.96 

116 

3.27 

48 

1.85 

120 

3.46 

52 

1,74 

124 

3.66 

56 

1.90 

128 

3.63 

60 

1.96 

132 

3.57 

64 

1.82 

136 

3.39 

68 

1.95 

140 

3.26 

72 

2.02 

144 

3.19 

68 


TABLE  D4  Average  Power  Gain  for  inverted  cone  0.2  m  above 

the  ground  with  2  feed  points. 


Frequency 

Wire  radius 

Wire  radius 

Wire  radius 

in  MHz 

0.01  M 

0.05  M 

0.10  M 

8 

1.99 

1.70 

1.64 

20 

1.48 

1.48 

1.55 

32 

1.83 

1.77 

1.82 

44 

2.34 

2.26 

2.04 

56 

2.49 

2.63 

1.71 

68 

2.24 

2.46 

1.42 

80 

1.87 

2.10 

1.42 

92 

1.48 

1.58 

1.10 

104 

1.25 

1.31 

1.31 

116 

1.41 

1.34 

1.29 

128 

1.34 

1.44 

1.52 

140 

1.70 

1.83 

1.67 

152 

1.70 

1.51 

1.15 

164 

1.40 

1.43 

1.05 

182 

1.46 

1.44 

1.08 

69 


APPENDIX  E 


Tables  El  and  E2  list  the  calculated  input  impedance  for  the  two  different 
inverted  cone  antenna  models  used  in  this  thesis. 


TABLE  El  Input  Impedance  for  inverted  cone  mounted  on  the 
ground  with  12  feed  points,  one  connection  point  and  wire  radius 


0.01  m. 


Frequency 

in  MHz 

Resistance 

(R) 

Reactance 

(jX) 

Frequency 

in  MHz 

Resistance 

(R) 

Reactance 

(iX) 

4 

8.05 

-2,664 

80 

389.7 

-223.4 

8 

32.9 

-1,192 

84 

338.1 

-216.2 

12 

16.2 

-643.4 

88 

196.4 

-46.7 

16 

140.6 

-330.5 

92 

325.4 

-59.9 

20 

227.6 

-123.0 

96 

321.8 

-89.8 

24 

335.7 

15.4 

100 

308.4 

-92.6 

28 

457.2 

94.1 

104 

295.6 

-86.5 

32 

577.7 

116.4 

108 

283.7 

•76.0 

36 

679.1 

90.9 

112 

272.2 

-62.7 

40 

747.9 

33.6 

na 

260.9 

-46.4 

44 

780.4 

-35.7 

120 

249.8 

-26.5 

48 

782.4 

-101.2 

124 

224.1 

-10.4 

52 

763.8 

-154.3 

128 

221.0 

20.3 

56 

586.3 

-241.4 

132 

226.8 

65.4 

60 

545.9 

-251.0 

136 

266.5 

138.6 

64 

509.0 

-251.6 

140 

— 

473.1 

197.9 

68 

476.1 

-246.7 

144 

512.8 

-200.6 

72 

446.9 

-238.9 

148 

269.5 

-184.9 

76 

419.5 

-230.4 

152 

196.8 

-112.1 

TABLE  E2  Input  Impedance  for  inverted  cone  0.4  m  above  the 

ground  vv^ith  4  feed  points. 


Wire  radius  0.01  M  Wire  radius  0.10  M 


Frequency 

Resistance 

Reactance 

Resistance 

Reactance 

in  MHz 

(R) 

(jX) 

(R) 

gx) 

4 

2.73 

-741.7 

3.5 

-468 

12 

29.9 

-147.4 

46.1 

-66.4 

20 

•  114.5 

22.9 

176 

-6.0 

28 

247.7 

24.4 

180 

-no 

36 

246.8 

-75.7 

115 

-119 

44 

176.1 

-95.4 

81.7 

-98.0 

52 

126.6 

-70.2 

66.3 
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APPENDIX  F 


Contained  in  this  appendix  are  radiation  patterns  generated  by  the  NEC 
computer  analysis  for  the  following  configurations  of  an  inverted  cone: 

a.  Antenna  mounted  on  the  ground  with  12  feed  points  and 

wire  radius  0.01  m  (Figures  F.1-F.6). 

b.  Antenna  0.4  m  above  the  ground  with  4  feed  points  and 

wire  radius  0.01  m  (Figures  F.7-F.14). 


Figure  F.l  E-Field  Elevation  Pattern  for  inverted  cone 

mounted  on  the  ground  with  12  feed  points,  wire  radius  0.01  m,  at  8 

MHz,  (j)  =  0  degrees. 
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Figure  F.2  E-Field  Elevation  Pattern  for  inverted  cone  mounted  on 
the  ground  with  12  feed  points,  wire  radius  0.01  m,  at  60  MHz,  (])  =  0 

degrees. 


Figure  F.3  E-Field  Elevation  Pattern  for  inverted  cone  mounted  on 
the  ground  with  12  feed  points,  wire  radius  0.01  m,  at  80  MHz,  <{)  =  0 

degrees. 
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Figure  F.4  E*Field  Elevation  Pattern  for  inverted  cone  mounted  on 
the  ground  with  12  feed  points,  wire  radius  0.01  m,  at  100  MHz,  (j)  = 

0  degrees. 


Figure  F.5  E-Field  Elevation  Pattern  for  inverted  cone  mounted  on 
the  ground  with  12  feed  points,  wire  radius  0.01  m,  at  120  MHz,  (|)  = 

0  degrees. 
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Figure  F.6  E-Field  Elevation  Pattern  for  inverted  cone  mounted  on 
the  ground  with  12  feed  points,  wire  radius  0.01  m,  at  140  MHz,  <|)  = 

0  degrees. 


Figure  F.7  E-Field  Elevation  Pattern  ior  inverted  cone  0.4  m  above 
the  ground  with  4  feed  points,  wire  radius  0.01  m,  at  8  MHz,  (j)  =  0 

degrees. 
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Figure  F.8  E-Field  Eleviition  Pattern  for  inverted  cone  0.4  m,  above 
the  ground  with  4  feed  points,  wire  radius  0.01  m,  at  60  MHz,  (j)  =  0 

degrees. 


Figure  F.9  E-Field  Elevation  Pattern  for  inverted  cone  0.4  m  above 
the  wire  grid  box  with  4  feed  points,  wire  radius  0.01  m,  at  70  MHz, 

(j)  =  0  degrees. 
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PATTCRH  GAIN  IN  OBI 


Figure  F.IO  E-Field  Elevation  Pattern  for  inverted  cone  0.4  in 
above  the  wire  grid  box  with  4  feed  points,  wire  radius  0.01  m,  at  80 

MHz,  =  0  degrees. 


Figure  F.ll  E-Field  Elevation  Pattern  for  inverted  cone  0.4  in 
aboie  the  wire  grid  box  with  4  feed  points,  wire  radius  0.01  m,  at  90 

MHz,  (j)  =  0  degrees. 
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Figure  F.12  E-Field  Elevation  Pattern  for  inverted  cone  0.4  in 
above  the  wire  grid  box  with  4  feed  points,  wire  radius  0.01  m,  at 

100  MHz,  (])  =  0  degrees. 


Figure  F.13  E-Field  Elevation  Pattern  for  inverted  cone  0.4  m 
above  the  wire  grid  box  with  4  feed  points,  wire  radius  0.01  m,  at 

120  MHz,  ({)  =  0  degrees. 
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Figure  F.14  E-Field  Elevation  Pattern  for  inverted  cone  0.4  in 
above  the  wire  grid  box  with  4  feed  points,  wire  radius  0.01  m,  at 

140  MHz,  <{)  =  0  degrees. 


80 


APPENDIX  G 


Contained  in  this  appendix  are  azimuth  patterns  for  the  inverted  cone  antenna 
models  above  the  wire  grid  box. 

Figures  G.1-G.5  show  the  azimuth  patterns  for  the  inverted  cone  mounted  on 
the  wire  grid  box  with  12  feed  points,  one  connection  point,  wire  radius  0.01 
meters,  at  20  MHz. 

Figures  G.6-G.10  show  the  azimuth  patterns  for  the  inverted  cone  0.4  meters 
above  the  wire  grid  box  connected  to  it  by  four  vertical  wires,  wire  radius  0.01 
meters,  at  2C  MHz. 
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Figure  G.l  E-Field  Azimuth  Pattern  for  inverted  cone  mounted  on 
the  wire  grid  box  with  12  feed  points  and  one  connection  point,  at  20 

MHz,  0  =  30  degrees. 
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Figure  G.2  E-Field  Azimuth  Pattern  for  inverted  cone  mounted  on 
the  wire  grid  box  with  12  feed  points,  one  connection  point,  at  20 

MHz,  9  =  40  degrees. 
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Figure  G.3  E-Field  Aziiniith  Pattern  for  inverted  cone  mounted  on 
the  wire  grid  box  with  12  feed  points,  one  connection  point,  at  20 

MHz,  9  =  50  degrees. 
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Figure  G.4  E-Field  Azimu..h  Pattern  for  inverted  cone  mounted  on 
the  wire  grid  box  with  12  feed  points,  one  connection  point,  at  20 

MHz,  0  =  60  degrees. 
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Figure  G.5  E-Field  Azimuth  Pattern  for  inverted  cone  mounted  on 
the  wire  grid  box  with  12  feed  points,  one  connection  point,  at  20 

MHz,  0  =  70  degrees. 


Figure  G.6  E-Field  Azimuth  Pattern  for  inverted  cone  0.4  m  above 
the  wire  grid  box  connected  to  it  by  four  vertical  wires,  at  20  MHz, 

0  =  30  degrees. 
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Figure  G.7  E-Field  Azimuth  Pattern  for  inverted  cone  0.4  m  above 
the  wire  grid  box  connected  to  it  by  four  vertical  wires,  at  20  MHz, 

0  =  40  degrees. 
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Figure  G.8  E-Field  Azimuth  Pattern  for  inverted  cone  0.4  m  above 
the  wire  grid  box  connected  to  it  by  four  vertical  wires,  at  20  MHz, 

0  =  SO  degrees. 


Figure  G.9  E-Field  Azimuth  Pattern  for  inverted  cone  0.4  m  above 
the  wire  grid  box  connected  to  it  by  four  vertical  wires,  at  20  MHz, 

0  =  60  degrees. 
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Figure  G.IO  E-Field  Azimuth  Pattern  for  inverted  cone  0.4  ni 
above  the  wire  grid  box  connected  to  it  by  four  vertical  wires,  at  20 

MHz,  9  =  70  degrees. 
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